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FOREWORD

To help U. S. Shipyards meet the challenge of reduced subsidy rates as set forth in the
Merchant Marine Act of 1970, the Maritime Administration initiated a U.S. Shipbuilding
Research Program as a joint industry/Maritime Administration venture. The Ship Producibility
Program is a key element of the total Naticnal Shipbuilding Research Program with its overall
objective being to develop technical information which can be used effectively by U.S. shipyards
to reduce the time and cost of building ships.

This report presents the results of Task D-2, Improved Design Process, which is one of the
priority tasks in the Ship Reducibility Program.

The study was conducted by General Dynamics’ Quincy Shipbuilding Division under sub-
contract from the Bath Iron Works.

The duration of the study was about eighteen months. The study was completed in April
1977.

This study could not have been completed without the interest and cooperation of the
orgﬁnizations [ I?tervie'wed, and the constructive criticism of the advisory committee selected by
Bath [ron Works.

Avondale Shipyards, Inc.

Bath Iron Works Corporation

Bethlehem Steel Corporation, Sparrows Point
Ingalls Shipbuilding Division-Litton Industries
Nationa Steel and Shipbuilding Company
Newport News Shipbuilding and Dry Dock Co.
Todd Shipyards

MarAd, Otfice of Ship Construction

J. J. Henry Co., Inc.

General Dynamics, Quincy Shipbuilding Division

Advisory Committee

A. Conley Newport News

A. Cox J. J. Henry Co., Inc.

R. Ford Bath Iron Works, Inc.

G. Knight J. J. McMullen Associates
J. Paris Bath iron Works, Inc.

F. Slyker Bethlehem Steel Corporation



EXECUTIVE SUMMARY

A. OBJECTIVE

The purpose of this study was to develop an improved ship design process with
increased emphasis on producibility. Early results led to the consensus by al concerned
that no improved process, per se, would result from the study but that a number of
significant improvements in the design process were possible, which would lead to
reduced ship cost.

B. INVESTIGATIVE APPROACH

C.

The design processes for precontract and post contract design in various ship
design offices were screened, based on published papers and reports of past research
projects, and supplemented by interviews to identify the design processes in use and
methods of designing for producibility that have been and are being used. These were
studied, compared, and modified procedures recommended in various areas, and cost
evaluations made in selected cases where feasible.

RESULTS AND CONCLUSIONS

In precontract design (conceptual, preliminary, and contract design) two funda-
mentally different approaches have been used for (@) competitive bidding, and
(b) negotiated contracts, with a wide variation in scope. It is concluded that increased
emphasis should be directed to the producibility features of ship design from inception.
The mgor item is the structural design, but nine other areas are identified as having a
significant impact on producibility and price. Precontract design procedures and scopes
suitable for different contracting methods are recommended in the Report.

In post contract design (working or construction plans), al approaches to the design
process are fundamentally the same, although varying in scope, methods and details.
These differences are the most fruitful source for improving the post contract design
process. Most of the improvements identified in the Report are not new, and it was
found that at least one shipyard is practicing or developing each of the improvements,
but there is no shipyard employing or developing al of the improvements.

Structural and piping design were the primary areas studied since they consume
about one-half of ‘the engineering and design budget, and about 65 percent of the
shipyard labor hours.



C. RESULTS AND CONCLUSIONS (Cont'd)

The post contract design procedure should be modified. Hull and machinery
arrangements, distributive systems diagrams, and other design documentation required for
classification society and regulatory agency approval would be developed to a basic
design level in parallel and integrated with the basic structural drawings. These plans
then form the “ Classification Drawings’, which provide early and effective input of
coordinated ship producibility decisions.

The structural design should be thoroughly reexamined and evaluated as soon as
the design is essentially complete. By so doing it is possible to obtain improvements
in producibility through standardization and consolidation of plates, shapes, and parts,
and a significant reduction in ordered steel through improved nesting, batch manufacture
of parts, and utilization of cuttings. All of these were studied and a number of related
economic evaluations are presented in the Report.

A modified piping design procedure is presented in the Report, to reduce design
costs while improving the accuracy and completeness of the documentation with less
redundancy. Piping design is alarge consumer of manhours, with about one engineering
and design hour for every two hours spent on pipe fabrication and installation.

Other items to improve the design process were studied and the results presented in
the Report. These include (1) increased computer aided design and manufacture,
(2) expanded use of design standards, and (3) possible solutions to miscellaneous contract,
specification, and approval problems.

D. RECOMMENDED ACTION
me results of many of the studies can be evaluated by each shipyard for its use.
Other recommendations are made for coordinated action by MarAd, shipyards, ship-

owners, design agents, ABS, and USCG to develop standards which will reduce design time
and cost, minimize errors, reduce risks, and improve the product.
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SUMMARY REPORT

A. OBJECTIVE

The primary objective of thistask as part of the National Shipbuilding Research
Program was to reduce the cost of shipbuilding in U. S. shipyards. Specificaly, it was
intended to develop an improved ship design process thru increased emphasis on pro-
ducibility. Early results led to the consensus by all concerned that no improved process,
per se, would result from this study, but that a number of significant improvementsin
the design process were possible. The design process as used herein includes the engineer-
ing and design work necessary to develop the preliminary and contract design plans and
specifications and the construction drawings and data to build the ship.

Prior to the Merchant Marine Act of 1970 (MM *70), the preliminary and contract
designs for most foreign trade commercial ships were developed by the ship owner,
generally through the services of anaval architect. The design gave prime consideration
to the owner’ s requirements, and because of MarAd competitive bidding and technical
information requirements, the ship design could not be developed to specifically suit the
different production facilities and methods of construction which were available at the
various shipyards. Under the MM ‘70, the shipbuilder is encouraged to prepare his own
design and market it to prospective owners. Thus, it is possible for the shipyard to tailor
the design to its own facilities and methods resulting in a more producible design for its
plant. It is also possible for an owner and his naval architect to use a design and contract
negotiation process that will be equally cost effective.

Therefore, the purpose of this task was to study the preliminary and contract design
processes, and to define systematic approaches to contract level design, including definition
of responsibilities and sequence of design and contracting tasks.

It was a'so the purpose to study the design processes used in various yards to produce
the detailed construction drawings, and methods of improvement to make them more cost
effective and producible.

B. INVESTIGATIVE APPROACH

The design practices used in various ship design offices were screened based on
published papers and reports of past research supplemented by interviews, to identify
the design processes in use, and methods of designing for producibility that have been
and are being used.



B. INVESTIGATIVE APPROACH (Cont’ d)

Work done or being done under other studies was not repeated. In general,
repetitious descriptions have been omitted when references to previous papers
fulfill the purpose, but brief summaries have been included when considered especialy
pertinent to this study.

Initidly the Maritime Research Information service and the Society of Naval
Architects and Marine Engineers indices of publications were reviewed, and about 200
titles listed as possibly being pertinent. Elimination of duplications and those of
doubtful value reduced the number to those now listed in the Bibliography of the
report. (Appendix C)

In addition to screening the items listed in the bibliography, examples of bidding
plans and specifications, owners reguests for proposals, and a few structural designs
for producibility were examined. These covered 21 different designs, by U. S. design
agents, foreign design agents, owners staffs, foreign shipyards, and U. S. shipyards.
Of these, four were prepared in 1968 and 1969, and the remainder in 1971 to 1974.
the designs developed for competitive bidding show little evidence of designing for
simplicity and producibility of the steel structure; and it appears that the structural
designs were based on rule requirements and minimum weight. Various designs called
for as many as four different stiffener spacings, many different shapes, non-symmetrical
location of stiffeners on plates, etc., to as few as one stiffener spacing, symmetrical
stiffener locations on plates, about one-half as many different shapes, etc.

Based on the foregoing reviews, it was decided that interviews with U. S. shipyard
personnel concerned with design techniques associated with producibility would be of
most benefit to the study.

It was found that the interviews could not follow a pre-established outline, due to
the availability of personnel and the context within which they were held. Accordingly,
to get the discussion started, various topics of interest to the individuals being interviewed
were suggested, and comments presented based on the literature review. A free ranging
discussion followed. Before concluding each interview, suggestions for improvements in
the design process were requested. Appendices A and B of the Report summarize the
notes made during the interviews.

The following two pages titled “ Ship Design” which are from a document prepared
by the Maritime Administration and furnished during the interview for this project,
define concisely the various stages of ship design. It was the only written ship design
definition available, although others have been developed for preliminary ship definition
by computer, and others are described in documents listed in the Bibliography. In this



B. INVESTIGATIVE APPROACH (Cont'd)

report, precontract design includes MarAd's conceptual, preliminary and contract design,
and post contract design covers MarAd's working plans. It has been noted that the
Design Spiral diagram has appeared in different form in other publications, and could
be different for different type ships. Considering the thrust of this study, producibility
considerations would be incorporated in the spiral at arrangements, structure, light ship

weight, and cost estimates.



SHIP DESIGN

_ The term “ship design” takes on many meanings d(_elpendi ng upon who is
defining the term and in what context the term is used. The design of a ship.
generally progresses through four stages of development from overall to detail
considerations with some overlapping between stages. ‘ These stages are:

1. Concept Design
2. Preliminary Design
3. Contract Design
4. Working Plans

~ After proportions have been tentatively selected, “ship design” becomes an
iterative process as represented by the design spiral illustrated below. The “Final
Design” state isthe “ship design” ready for bids.
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1. Except Design

The first stage called concept design is an attempt to put the Owner’s requests
down on paper. Thisis basically atechnical feasibility study to determine the basic
characteristic of the proposed ship such as length, beam, depth, draft, speed, power,
cargo cubic and deadweight. It will also include a preliminary wa%ht estimate of
light ship usually derived from curves, formulas and experience. The concept design
is used as a talking paper for obtaining ball park construction costs for presenting
Owner’ s requirements to a shipyard or design agent. This study is used as an input
for the next stage of design development, the Preliminary Design.

2 Preliminary Design

A ship’s preliminary design is concerned with determination of major ship
characteristics affecting cost and performance. It encompasses selection of ship
dimensions, hull shape, powering, arrangement of hull and machinery, and major
structure to assume attainment of desired speed, endurance, cubic capacity and
deadweight. It also includes checks and adjustments for achieving the required
cargo handling capacity, quarters, hotel services, subdivision and stability stand-
ards, free board, and tonnage measurements. The Preliminary design terminates
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2. Preliminary Design (Cont'd)

when there is reasonable assurance that the major features have been determined
}/yith.sufficient dependability to alow the development of contract plans and speci-
ications.

3. Contract Design

The final design, or contanct design stage of a ship design is concerned with
developing a set of _plans and specifications which identify the ship contractualy.
If the Owner isto go out for competitive bids, these plans and specifications are

of the bidding documents. If the Owner is negotiating a contract, they des-
cribe the vessel to be built as mutually agreed between the owner and the Contrac-
tor and also become part of the contract documents. They represent several more
loops around the design spiral where each loop is a refinement of the previous one.
Having established tentative ﬁroportmns in the preliminary design stage, this stage
delineates more precisely such features as hull form based on a faired set of lines,
powering based on model testing, seakeeping and maneuvering characteristics more
closely determined, the effect of propellers on hull form determination of the
structural design concept based on a midship section such as framing (transverse,
Ior:jqitudinal) arrangement of stanchions, use of different types of steel, location
and type of frame spacing etc. Paramount, among the contract design features

is a weight and center of gravnK estimate giving the location of each major item
in the ship as contracted with the lump sum values of steel outfit and machinery
developed during the preliminary design on concept and feasibility study. The
final aﬁeneral arrangement of the ship is developed during this stage. This fixes the
overall volumes, areas, and interrelationships between each feature on the ship such
as room relationships, cargo handling features and machinery components.

4. Working Plans

The final stage in ship design is the detailed working Plan stage. These plans
are the installation and construction instructions to the ship fitters, welders, out-
fitters, air conditioning installers, machinery vendors, pipefitters, etc. They in-
clude such details as welding symbols, dimensions and size of holes, location of
furniture, port lights, window cutouts, ladders, rails and stanchions, etc. There
arc literally thousands of working drawings needed for each ship. These working
plans are aso an indication of how a particular shipyard will put the ship together
and cannot necessarily be used by another shipyard since each yard has its own se-
quence of erection and method of construction. Many yards have standard detail
working plans which can be used from ship to ship. Such items as fastenings, some
welding joints and procedures, and other procedures are examples.

These working plans are supplied to MarAd, usually on microfilm, at the end
of each ship construction contract for the Government's use in building future
identical ships in national emergencies.



C. GENERAL CONCLUSIONSFROM THE SURVEY OF CURRENT PRACTICES

1.  Precontract Desisgn

a  There have been two fundamentally different approaches used for precontract
design: (1) for competitive bidding and (2) for negotiated contracts.

b. There is a wide variation in the scope of precontract design, depending on:

New design or adaption of an existing design
Subsidized or non-subsidized shipbuilding project
Complexity of the design

c. Many modifications in bidding plans and specifications are desired by the
shipyards to permit development of, and bidding on, more producible designs,
and to facilitate competitive bidding.

d. It is clear that one shipyard’s optimum design for producibility would not
be optimum for others, and that bidding on a design suitable for only one
shipyard would not result in competitive bidding.

2. Post Contract Desire

a  Although varying in scope, methods and details all approaches to postcontract
design are fundamentally the same. The most fruitful sources for improving the
postcontract design process are the different criteria used by the different shipyards
in designing for producibility.

b. It was the consensus that no improved design process, per se, would result
from the study, but that a significant number of improvements are possible. Most
of the improvements identified are not new, and it was found that at |east one
shipyard is practicing or developing each of the improvements, but there is no
shipyard employing or developing all of the improvements. Structural and piping
design were found to be the primary areas for study since together they consume
about one half of the engineering and design budget, and about 65 percent of
shipyard labor hours.



D. CONCLUSIONS AND RECOMMENDATIONS FROM THE STUDY

1.

Generadl

a  Conclusion. Increased emphasis should be directed to the producibility
features of ship design.

b. Conclusion. Enactment of public law (PL94-372) Negotiated Shipbuilding
Contracts Act of 1976 will minimize the occasions where competitive bidding

IS necessary, as was the case after enactment of MM ’ 70, thereby facilitating the
inclusion of shipyard producibility features in the contract plans and specifications.

c. Conclusion. The major item of producibility is the structural design, but nine
other areas are identified as having a significant impact on producibility and price.

d. Conclusion. Designing for producibility generally increases weight. It is
recommended that the contract weight estimate make allowance for this, approxi-
mately 1 percent of net steel weight.

Recontract Desire

a A negotiated contract design procedure is recommended whereby the owner
solicits shipyards for proposals for budget price and delivery for his shipbuilding
project, and furnishes the following information:

Performance requirements

Outline specification

Power plant preferences or requirements

Cargo handling and stowage requirements

Crew requirements

Central control system preferences or requirements

Coating systems preferences or requirements

Preliminary Design Study required by Maritime Subsidy Board

Form FMB-8 if MarAd participation is contemplated. After selection of a
shipyard the owner and shipyard would combine technical skills and financia
involvement to develop the contract design.



D. CONCLUSIONS AND RECOMMENDATIONS FROM THE STUDY

2. Precontract Design (Cont’d)

b. Alternative scopes of precontract design suitable for different circumstances
are recommended. The minimum scope for a design similar to previous or current
construction would consist of the following:

Specification

General Arrangements, Hull and Accommodations
Structural Drawings

Cargo System Diagram

This minimum scope defines the basic contract parameters but the total
definition of the ship includes the shipbuilder’s standard practices as exemplified
by current construction.

A more definitive scope is required for a new design and a new client, and in
addition to the above would include:

Arrangement of machinery

Heat balance diagram

Fire control diagrams

Diagrams of key propulsion systems
Diagram of electrical distribution systems
Lines

Technica data

If the ship is to be subsidized by MarAd, the scope of the precontract design
must meet the requirements of FMB-8, and generally is more extensive and in more
detail than the foregoing, for contract purposes, for estimating domestic and foreign
cost, aswell asfor contract administration with Government involvement.

c. A procedure is proposed for owner prepared designs for subsidy and bidding
which provides for flexibility in the structural design to suit the producibility features
of individual yards, specification options to suit shipyard facilities and practices, and
contract recognition of essential and unessential changes.



D. CONCLUSIONS AND RECOMMENDATIONS FROM TtiE STUDY

3. Post Contract Structural Design

a. Thenumber of structural plans presently required when designing for
producibility is substantially more than heretofore. The manhours used for
structural design in one case amounted to about 5 percent of the manhours
used in fabrication and erection of the steel structure, which appears reasonable.

It is recommended that the basic scantling plans (about 15 drawings) be
developed in more detail, and in such format and scope that they provide all
the information required for classification approval. (These plans are then
similar to the “class drawings’ submitted by foreign shipyards.) It is also
recommended, that if the basic scantling plans are developed in accordance
with the foregoing, that the conventional system type plans can be deleted,
and the unit or module plans can be developed directly from the basic scantling
plans. (See article B-6 below for other “Classifications Drawings’.)

b. It is recommended that the structural design be thoroughly reexamined

and evaluated as soon as the design is essentially complete, and before ordering
steel (at least before ordering steel for any following hulls) to obtain improve-
ments in producibility through standardization and consolidation of plates, shapes,
and parts, and to obtain reduction in ordered steel thru improved nesting, batch
manufacture of parts, and utilization of cuttings.

While consolidation and standardization may result in a small increase in
net steel weight, it resultsin reduced ship price through significant benefits realized
in the areas of:

Reduced handling
Reduction in material cost extras due to low tonnage

Reduced scrap levels through improved nesting and batch manufacture
of parts

Improved traceability

Reduced bookkeeping in Purchasing, Design and Inventory Control
Increased flexibility for revisions

Improvements in labor and machine productivity

Conclusions from the evauations of various examples are given in the following
paragraphs.



D. CONCLUSIONS AND RECOMMENDATIONS FROM THE STUDY

3. Post Contract Structural Design (Cont’d)

c. It is concluded from studies and specific evaluations that consolidation and
standardization of stock or coded plates, plan marked plates, and shapes can be
profitable to both the shipyard and shipowner.

d. It is concluded that batch manufacturing of and stockpiling of parts through
the nesting of chocks, brackets, etc., on the unused portions of plates to be cut

on the Automatic Burning Machine can result in reductions in scrap, steel purchased,
and handting. One specific example showed a saving of 300 tons of material and
$70,000 in cost.

It is recommended that the development of the structural design should be
responsive initially and by re-iteration to the needs of batch manufacturing of parts,
by standardizing part dimensions and by specifying thicknesses which utilize potential

scrap.

e. Itisconcluded that the present process of nesting parts for fabrication is the
most efficient, based on available experience. In this process, the first, or “puzzle’
part of nesting is performed manually in the traditional manner and the second part,
the preparation of atemplate or numerical control (NC) datais performed by
computer in most instances.

It is recommended that current developments in the computerized placement
of ship’s parts for nesting and preparation of NC data of completed nests be closely
monitored by the shipyards, since thereis a potential for additional savings.

f. In order to properly integrate the loftsman’s and structural planner’s knowledge
of fabrication methods with the engineer’s and designer’s comprehensive view of a
vessdl’s structural requirements, it is recommended that these groups work in close
proximity from design development through NC tape preparation.

g. It is concluded that cross unit nesting, the placement of parts from several

erection units on a single steel plate, can improve materia utilization and reduce

the scrap. The results of a cost evaluation at one yard and the experience of another
shipyard indicate that cross unit nesting within units fabricated in a one-week period
can yield material savingsin the order of 3 percent of the steel fabricated on Automatic
Burning Machines at a saving of about $25,000/ship. It is recommended that this
concept be considered by other shipyards.

10



D. CONCLUSIONS AND RECOMMENDATIONS FROM THE STUDY

3. Post Contract Structural Design (Cont’d)

h. It is concluded from the study of holes control, that significant reductions

in the costly operations of manual layout and field cutting of the many pene-
trations required in the ship structure can be achieved by increasing the number

of penetrations included in the initial cutting process, and by consolidating systems
data so that layout and cutting in a specific area, unit, or module can be performed
asasingle task. A cost evaluation shows a conservative saving of $38,000 for a
three-ship program.

It is recommended that the sizing and routing of distributive systems be
developed early in the design cycle in parallel with the structural drawings, to

permit identification of holes size and location on the structural drawings prior
to initial issue for fabrication.

It is recommended that afile of distributive system holes data be stored in a
computer memory. This data can be recalled, sorted by unit or system, and used
to assist in identifying interferences, the incorporation of holesin NC parts tapes,
preparing lists of field cut holes, and the preparation and updating of holeslists.

i. Itisrecommended that mill edge plates should be used when available as their
cost is about 1.6 percent less than sheared edge plates. Designers specifying plate
sizes should be well acquainted with the steel manufacturer’s specifications and
tolerances for all types of plates being used.

j. Itisrecommended that alternative acceptable thicknesses be specified by the
designer for detail parts such as collars, chocks, clips, and flat bar stiffenersin order
that the parts coder may utilize potential scrap and cuttings.

Designing for producibility almost always increases the steel weight. It is
recommended that the contract weight estimate make reasonable allowance for this
through an increased weight margin. An example indicates that an allowance of
1 percent of the steel weight should be sufficient.

4, Post Contract Piping Design

a. Itisconcluded that there are significant differences in the piping design
procedures in the various shipyards, but all use composites for interference control,
since the use of computers and models has been unsatisfactory for this purpose

11



D. CONCLUSIONS AND RECOMMENDATIONS FROM THE STUDY

4. Post Contract Piping Design (Cont’d)

todatein U. S. experience. Also, it is concluded that piping design is alarge
consumer of manhoursin the engineering and design departments of U. S.
shipyards based on methods currently used; the hours being comparable to
those used for structural design, and the ratio of piping design hours to pipe
fabrication and installation hours is 10 times higher than for structure.

b. It is concluded that almost all conventional piping system arrangement
drawings can be eliminated by the use of improved piping diagrams and
composites. The improved piping diagrams are defined by USCG and ABS
action on proposals submitted by two shipyards to permit elimination of
arrangement drawings.

c. A recommended piping design procedure is presented in the Report, and
includes:

Preparation of diagrams following the USCG guidelines, which
require diagrams of superior quality, pertinent system and
component design characteristics, identification of each
fitting and component, material schedule, and bill of material.

Composites developed by area or zone, to be used as the installation
drawings for al piping systems.

Pipe details prepared by computer, and which contain al informa
tion necessary for fabrication including a Bill of Materia for
each piping assembly.

Early identification of candidates for modular installation in
order to realize the advantages of shop assembly.

A computerized Bill of Material system which interfaces Engineer-
ing, Design, Inventory Control and Purchasing

A simplified method for identifying systems and parts.
d. Based on successful European experience, it is concluded that scale models

can be used for the development of the engine room piping layouts in lieu of
composites and arrangement drawings.

12



D. CONCLUSIONS AND RECOMMENDATIONS FROM THE STUDY
4. Post Contract Piping Design (Cont’d) .

It is recommended that any shipyard desirous of improving their piping
design method should evaluate the model procedure, which has proven to be
cost effective for commercial ships building in European shipyards. With this
procedure, the piping design would consist of the diagrams to USCG require-
ments, the model, the isometric pipe details, and the bills of material.

e. Purchased or shop assembled machinery and piping modules or packages
have found increasing applications in ships, and are recommended as items
which will improve producibility.

5. Computer Aided Design and Manufacturing (CADAM)

a. Computers are utilized extensively for ship design and calculation throughout
the industry, but there is room for improvement in the efficient integration of
engineering and business use of computer facilities to reduce costs and response
time for CADAM applications.

It is recommended that individual shipyards review their existing computer
facilities and organizational structures and the advantages of a mini-computer
dedicated to technical and manufacturing work, to improve response time, reduce
cost and also to serve as atermina for accessing the large scale computer.

b. Computers have been successfully applied to the preparation of structural

plans for modules, structural backgrounds for machinery, piping and ventilation
arrangements and composite drawings, resulting in cost saving of about 10 percent.
lines fairing and lines plans, shell expansion, large scale (1/10) body plan for lofting,
etc., are routinely produced as part of NC systems such as AUTOKON and SPADES.
It is recommended that at least the foregoing extent of computerized drafting be
considered by all major shipyards. It is also recommended that the rapid development
of computerized graphics and drafting systems be monitored for shipbuilding
applications.

c. It is recommended that computerized piping system fabrication instructions
under development as part of the US Navy's Computer Aided Piping Design and
Congtruction (CAPDAC) program and by Newport News Shipyard as part of MarAd's
REAPS program as well as other piping design systems available here and abroad be
evaluated for use by each shipyard.

13



D. CONCLUSIONSAND RECOMMENDATIONS FROM THE STUDY

5.

Computer Aided Design and Manufacturing (CADAM) (Cont'd)

d. It is recommended that further research be applied to the photogrammetric
method for digitizing from a scale model so that a combined piping system designer/
model maker can put his inherently interference free modeled arrangements into

a computer.

€ It is recommended that standard computer programs be prepared in accordance
with industry approved specifications, such as those prepared as part of the Avondale
project, and be funded by MarAd as part of the MarAd sponsored REAPS program.

Classification Drawings

a It is recommended that the post contract design procedure be modified so that

hull and machinery arrangements, piping system diagrams, and other design documentation
required for classification society and regulatory agency approval are developed to a

basic design level in paralel with the preparation of the basic scantling plans and

integrated with these to form the “Classification Drawings’. These plans would provide
early and effective input of coordinated ship producibility decisions. In addition to
meeting submittal requirements, these “Classification Drawings’ provide a comprehensive
and well integrated overall definition of the total design early in the postcontract design
period.

Standards

a It is concluded that design standards, which are tried and approved methods, and
their expanded use in the ship design process, can reduce design time and cost, minimize
errors, reduce risk, and improve the product.

It is recommended that the use of standards be substantially increased, through
development of new standards and improvements in others. It is noted that new
standards for structural details, welding details and frame spacing are being developed
under the MarAd/BIW Task S-11, that standard specifications for component procure-
ment were recommended in MarAd/BIW Propulsion Plant Standards Feasibility Study,
and that others have been recommended in other research projects.

It is recommended that standard propulsion system diagrams, proposed in the
MarAd/BIW Repulsion Plant Standards Feasibility Study, be prepared by a MarAd/
Industry research project. These industry standards should provide sized and approved
diagrams which will minimize development time and expedite Coast Guard approva
and owner acceptance.
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D. CONCLUSIONS AND RECOMMENDATIONS FROM THE STUDY

7.

Standards (Cont’ d)

b. Itisrecommended that the MarAd standard specifications for ship
construction be improved and amplified to include standards for quality

and acceptable construction as well as the applicable results of the various
studies conducted as part of the National Shipbuilding Research Program.

It is suggested that the revised specification be prepared by a MarAd sponsored
and lead study team representing MarAd, shipowners, shipyards, and design
agents.

c. Itisrecommended that MarAd sponsor financially and lead a study

team staffed by representatives of USCG, ABS, MarAd, shipyards, shipowners,
vendors and design agents to update the USCG, ABS, and MarAd requirements
for central control systems, and to develop in greater detail standard specifications
for automatic and remote control systems, including basic design standards,
specific detail standards and operating reliability and maintenance provisions,

with the objective of providing specifications for adequate, safe, and reliable
systems which are acceptable to al concerned.

8. Other Problems and Suggested Improvements

a. It is recommended that MarAd's standard pro forma ship construction
contract, be reviewed by an Industry study group and modified to incorporate
provisions responsive to the problem areas identified including essential and
unessential changes, changes in interpretation of rules and regulations, definition
of areas of technical risk and how they shall be handled, meaningful definition of
contract plans, guidance plans, bidding information, definition of acceptability
standards, etc.

b. Considering the importance of Coast Guard approved systems to the contract
design and price, as well as the effect of new interpretations of regulations, it is
recommended that a unified approach be made to the USCG by MarAd and the
shipbuilders to discuss these problems, so that the contract design plans may be
considered and approved by USCG prior to contract signing, and so changes in
interpretation of rules by district offices will be minimized and unified.
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FOREWORD

To heI\IAo U. S ShipYards meet the challenge of reduced subsidy rates as set forth in the
Merchant Marine Act of 1970, the Maritime Administration initiated a U.S. Shipbuilding
Research Prol%ram asajoint induaglylM aritime Administration venture. The Ship Reducibility
Program is akey element of the total National Shipbuilding Research Program with its overall
objective being to develop technical information which can be used effectively by U.S. shipyards
to reduce the time and cost of building ships.

_ This report presents the results of Task D-2, Improved Design Process, which is one of the
priority tasks in the Ship Reducibility Program.

The study was conducted by General Dynamics Quincy Shipbuilding Division under sub
contract from the Bath Iron Works.

The duration of the study was about eighteen months. The study was completed in April
1977.

This study could not have been completed without the interest and cooperation of the
%rgﬁnl| zati S\rlls | I(nterw ewed, and the constructive criticism of the advisory committee selected by
ath [ron Works.

Avondae ShipKards, Inc.

Bath Iron Works Corporation _
Bethlehem Steel Corporation, Sparrows Point
Ingalls Shipbuilding Division-Litton Industries
National Steel and Shipbuilding Company
Newport News Shipbuilding and Dry Dock Co.
Todd Shipyards _

MarAd, Office of Ship Construction

J. J. Henry Co,, Inc. o o
General Dynamics, Quincy Shipbuilding Division

Advisory Committee

A Conley Newport News

A Cox J. J. Henry Co., Inc.

R. Ford Bath Iron Works, Inc,

G. Knight J. J. McMullen Associates
J. Paris Bath Iron Works, Inc.

F. Slyker Bethlehem Steel Corporation



SECTION 1

OBJECTIVE

The primary objective of this task as part of the National Shipbuilding Research
Program to reduce the cost of shipbuilding in US shipyards. Specifically, it was intended
to develop an improved ship design process with increased emphasis on producibility. Early
results led to the consensus of all concerned that no improved process, per would result
from this study, but that a number of significant improvements in the design process were
possible. The design process as used herein includes the engineering and design work nece-
ssary to develop the preliminary and contract design plans and specifications and the con-
struction drawings and data to build the ship.

Prior to the Merchant Marine Act of 1970 (MM’ 70), the preliminary and contract
designs for most foreign trade commercial ships were developed by the ship owner, gener-
aly through the services of a naval architect. The design gave prime consideration to the
owner’s requirements, and because of MarAd competitive bidding and technical informa-
tion requirements, the ship design could not be developed to specifically suit the different
production facilities and methods of construction which were available a the various ship-
yards. Under the MM’ 70, the shipbuilder is encouraged to prepare his own design and mar-
ket it to prospective owners. Thus, it is possible for the shipyard to tailor the design to its
own facilities and methods resulting in a more producible design for his plant. It is aso
possible for an owner and his naval architect to use a design and contract negotiation pro-
cess that will be equally cost effective.

Therefore, the purpose of this task was to study the prelimimary and contract design
proceses and to define systematic approaches to contract level design, including definition
of responsibilities and sequence of design and contacting tasks.

It was also the purpose to study the design processes used in various yards to

produce the detailed construction drawings and methods of improvement to make them more
cost effective and producible.
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SECTION 2

SURVEY OF CURRENT PRACTICES

A INTRODUCTION

The design practices used in various ship design offices were screened based on published
papers and reports of past research supplemented by interviews, to identify the design processes
in use and methods of designing for producibility that have been and are being used.

Work done or being done under other studies was not repeated. In general, repetitious
descriptions have been omitted when references to previous papers fulfill the purpose, but brief
summaries have been included when considered especially pertinent to this study.

Initially the Maritime Research Information Service and the Society of Naval Architects
and Marine Engineersindices of publications were reviewed, and about 200 titles listed as possibly
being Pertinent Elimination of duplications and those of doubtful value which were unavailable,
reduced the number to about 80. Review of the papers or abstracts reduced the number to those
now listed in the Bibliography, Appendix C. These documents were reviewed and brief annotations
are given therein.

The SNAME book "Ship Design and Construction”, Chapter I,by E. Scott Dillon, thoroughly
considers the basic design, including development of the ship performance requirements, the deter-
mination of ship dimensions and proportions, and steps in the ship design process. Appendix C,
item B11 describes the various steps in the precontract design process as applied to nava ships, and
item A10 rovers the post contract design process for a nava ship in great detail.

Appendix C, item B1 describes Japanese practices in preliminary design, scope and problems,
discussion of engineering practices, schedules for design, design staff organization, etc.

Segments and facets of the ship design process are covered in items B6, B7, B8, B9 and B10,
as indicated by the annotations. Item B5 illustrates a good structural design for producibility.

Various developments and possible improvements in the ship design process are considered
in Appendix C items as follows:

Structural Design and Producibility Al, AS, C20

Structural Member Configuration AS, B5

Standards Al, A6, B6, B7, B8

Use of Models Al, A2, D5, D6

Computer Aided Design Al, B6, Cl, C6, C7, C9, ClI 6, C17, C20
Machinery and Piping Modules A3, A5, A6, D3, D4, D5

Working Plan Development A3, A5, B7, B8, C17

Piping A7, A9, C5, D5

Specifications A6, A8
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A INT’RODUCTION (Cont'd)

In addition to screening the items listed in the bibliography, examples of bidding plans
and specifications, owners' requests for proposals, and a few structural designs for producibility
were examined. These covered 21 different designs. 7 by 4 different US design agents, 2 by 2
foreign design agents, 5 by 5 different owner’s staffs, 2 by 2 foreign shipyards, and 5 by 4 US
shipyards Of these, four were prepared in 1968 and 1969, and the remainder (17) in 1971 to
1974. The designs developed for competitive bidding show little evidence of designing for sm-
plicity and producibility of the steel structure; and it appears that the structural designs were
based on rule requirements and minimum weight. In a number of cases, the designs have as
many as four different stiffener spacings, curved (haunched) web frames and other high cost
connections, many different shapes, non-symmetrical location of stiffeners on plates, etc. In
contrast, examples of producible designs utilize only one stiffener spacing symmetrical stiffener
locations on plates, about one-half as many different shapes, smpler structure with fewer brackets,
efc.

Based on the foregoing reviews, it was decided that the most benefit would result from
Interviews of US shipyard personnel conncerned with design for producibility.

It was found that the interviews could not follow a pre-established outline, due to differ-
ences in the form of be interviews (individua vs group) and availability of personnel. Accordingly,
various topics of interest were suggested, giving comments based on the literature review, to get
the discussion started, and then a free ranging discussion followed. Before concluding each inter-
view, suggestions for improvements in the design process were requested. Appendices A and B
summarize the notes made during the interviews.

The following two pages titled "Ship Design”, were taken from a.docurnent prepared by
the Maritime Administration and furnished during the interview for this project, define concisely
the various stages of ship design. It was the only written ship design definition available, although
others have been developed for preliminary ship definition by computer, and others are described
in the Bibliography items referred to above. In this report, precontract design includes MarAd's
conceptua, preliminary, and contract design, and post contract design covers MarAd' s working
plans. It has been noted that the Design Spiral diagram has appeared in different form in other
publications and could be dfferent for different type ships. Considering the thrust of this study,
producibility considerations would be incorporated in the spiral at arrangements, structure, light
ship weight, and cost estimates.

The following sub-sections on precontract and post contract design identify the design
practices used and the scope of these phases, based on the literature review and the interviews.
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SHIPDESIGN

~The term “ship design” takes on many meanings depending upon who is
defining the term and in what context the term is used. [he design of ash&) ,
through four stages of development from overall to detail

ly Pr
ggpggleyatio(r)lgrwn some Overlapping between stages.These stages are:

1. Concept Design

2 Preliminary Design
3. Contract Design
4. working Plans

. After proportions have been tentatjvely selected, “ship design” become an
iterative process as represented by the design spiral illustrated befow. The “Final
Design” state is the “ship design” ready for hids.

Design spiral

1. Concept Design

Thefirst stz']:\_c?]e_ called concept design is an attempt to put the Owner’s requests
down on paper. Thisis basicaly atechnical feasibility study to determine the basic
characteristic of the proposed ship such as lenght, beam, depth, draft, speed, power,

Farhcio Sﬁubic anaﬁ dgadwgiﬂg t. It will alsqincl uFe apreliminar Weir%ht estimate of .
[1ght ship usually derivea'trom curves, formulas and experience. The concept design
IS used as a talking paper for obtaining ball park construction costs for presentin

Owner’s requirements to a shipyard or des ﬂn Iéagent. This study Is used as an inpu
for the next stage of design development the Preliminary Design.

2 Preliminary Design

A ship’s preliminary designis concerned with determination of major ship
characterigtic affecting cost and performance. It encompasses selection of ship
dimensions, hull shape, powering, arrangement of hull and machinery, and mgjor
structure to assume attainment of desired speed, endurance, cubic capacity and
deadweight, It also includes checks and adjustments for achievi ng the required
cargo handling capacity, quarters, hotel services, subdivision and Stability stand-
ards, free board, and tonnage measurements. The preliminary design tefminates
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2 Preliminary Design (Cont'd)

when there is reasonable assurance that the major features have been determined
¥y|th_ sufficient dependability to allow the development of contract plans and speci-
ications,

3. Caontract Design

The final design, or contract design stage of a ship design is concerned with
developing a set of plans and specifications which identify the ship contractually.
If the Owner is to go out for competitive bids, these plans and specifications are
part of the bidding documents. It the Owner is negotiating a contract, they des-
cribe the vessel to be built as mutually agreed between the Owner and the Contrac-
tor and also become part of the contract documents. They represent several more
loops around the design spiral where each loop is a refinement of the previous one.
Having established tentative proportions in the preliminary design stage, this stage
delineates more precisely such features as hull form based on a faired set of lines
powering based on model testing, seakeeping and maneuvering characteristics more
closely determined, the effect of propellerson.  hull form determination of the
structural design concept based on amidship section such asframing  (transerse,
Ior&gltudlnal) arrangement of stanchions, use of different types of steel, location

and type of frame spacing, etc. Paramount, among the contract design features

IS a weight and center of gravity estimate glvmgI the location of each major item

in the elé) as contracted with the lump sum values of steel outfit and machinery
developed during the preliminary design on concept and feasihility study. The
final aﬂeneraJ arrangement of the ship is developed during this stage. This fixes the
overal volumes, areas, and interrelationships between each feature on the ship such
as room relationships, cargo handling features and machinery components.

4. Working Plans

‘Ihe final stage in ship design is the detailed working plan stage. These plans
are the ingtallation and construction instructions to the ship fitters, welders, out-
fitters, air conditioning installers, machinery vendors, pipefitters, etc. They in-
dude such details as welding symbols dimensions and size of holes location of
furniture, port lights, window cutouts, ladders, rails and stanchions, etc. There
are literally thousands of working drawings needed for ach ship. These working
plans are also an indication of how a particular shipyard will put the ship together
and cannot necessarily be used by another shipyard since each yard has its owns
quence of erection and method of construction. Many yards have standard detail
working plans which can be used from ship to ship. Such items as fastenings some
welding joints and procedure and other procedures are examples.

These working plans are supplied to MarAd, usually on microfilm, at the end

of each ship construction contract for the Government's use in building future
identical ships in national emergences.
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B. PRECONTRACT DESIGN

L. Generdl
This includes conceptua and preliminary design and contract plans and specifications.
There have been two fundamentally different approaches used in the recent past:

Preparation of the precontract design by the ship owner and his design agent.
This is the method used prior to the Merchant Marine Act of 1970 for subsidized
ships and for ships to be bid competitively.

Preparation of the precontract design by the shipbuilder. This method has
been used by shipyards responding to inquiries from ship owners. and since
the MM'70 it has dso been used in conjunction with negotiated contracts
for ships receiving government aid. This method generally results in more
producible and lower cost ships, since the design is tailored to the facilities
and production processes of the specific shipyard.

However with the ship price levels existing in 1976, it was necessary under the MM’ 70 to
have competitive bids in order to obtain a redlistic subsidy rate. Thus, another design and bidding
approach would be necessary to obtain the benefits of producible design and competitive bidding.
unless the 35 percent CDS ceiling applicable to negotiated contracts as provided by MM’ 70 was
modified. Bill HR-11504 to this effect was introduced in early 1976, passed the Congress, and was

signed by the President in midsummer 1976.

It is apparent that with appropriate modifications to the bid form and pro forma contract.
the precontract design process can be modified if it should become necessary so as to permit com-
petitive bids on producible designs based on plans and specifications developed by an owner and
his agent, as suggested later.

It should be noted in connection with the second method, that until recentiy, the inquiries
received from ship owners defined the performance requirements, and little else. for the proposed
ship. generally a tanker. In some recent cases. the inquiry requested an expression of interest and
budget price and were accompanied by a preliminary design and brief specification. Then, after selec
tion of the shipyard, the contract plans and specifications have been developed as a joint responsibil-
ity. In other cases, the ship owner inquiries were in considerable detail but did not include a pre-
liminary ship design. The most significant example of this was for the El Paso LNG tankers and re-
sulted in each bidder preparing a complete contract design and specification at considerable cost.

The following describes the scope of these precontract design approaches. the differences
found. and suggestions for improvements.
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B. PRECONTRACT DESIGN

2 Owner_Prepared Design for Competitive Bidding (Generally for Subsidized Ships)

The scope of the Specifications and Contract Plans and  other data required by the Federal
Maritime Board, now the Maritime Subsidy Board, under Title V for construction-differential subsidy
is given by Form FMB-8 (dated 9-59, revised by internal MarAd memorandum dated November 5,
1970).

In the past, the FMB-8 scop was apparently considered to be inadequate by the owners
and shipyards because the Permissible minimum provided insufficient definition to the shipyard
for pricing and to the owner to know what he is buying. The specifications were amplified and
more guidance plans included. The November 1970 revision of FMB-8 and the MarAd Standard
Specifications for Merchant Ship Construction dated December 1972 are more complete and list
more plans than FMB-8, but both require less data than provided by owners in the past.

The differences between the MarAd Standard Specifications and Plans listed therein, and
practice used by owners and design agents are evident from the tabulations on pages 2-9 and 2-10
and primarily are:

(1) Owner’s specification is substantially more detailed and definitive (750 vs
450 pages). Specifications by foreign design agents are also more detailed
in many areas.

(2) More plans by owners to define:

Cargo handling and stowage, especially for ships with sophisticated cargo
systems.

Structural scantlings, especially for special ship types, and to support the
detailed weight estimate.

Deck arrangement plans (1/4-inch scale)for each deck in the accommodations
and service areas to incorporate all requirements embodied in crew union-
Mmanagement agreements.

Piping systems, utilizing the designers standard diagrams and more detail to
avoid misunderstandings.

3.  Shipyard prepared Design for a Negotiated Contract

The scope used by various shipyards on different projects range from a specification about
1/2 the size of MarAd's accompanied by four plans, to a specification more detailed than MarAd's
accompanied by 32 plans. The larger scope was influenced by Government aid being involved in the
project, sothat it was necessary to define the ship more carefully, asthe give and take of negoti-
ation between owner and shipyard would be restricted.
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B. PRECONTRACT DESIGN
3. Shipyard Prepared Design for a Negotiated Contract (Cont’ d]

The smaller scope is partly due to the fact that the contracts were ailmost always for tankers
or bulk carriers, as compared with the more complex cargo and container ships of the subsidized pro-
jects. Also, in most cases, the basic design was developed by the shipyard and then modified to suit
each owner's cargo systems, crew accommodations, etc., but retained the shipyard's standard prac-
tices in such areas as steel construction, outfit, propulsion plant, and quality of equipment. Thus,
the shipyard-developed specification did not have to be as detailed, as their standard practices were
well defined by current or recent construction. The smaller scope of contract plans and specifications
has proven adequate during execution of the contracts. Unanticipated developments generally
were not due to the scope of the contract documents but to new interpretations of ABS or USCG
rides or owners' requests for construction in excess of the ABS and USCG reguirements invoked
by the specifications.

Foreign shipyard's specifications and plans for negotiated contracts are brief and depend
on standard practices or reference to a previous ship for detail definition.

4. Other Approaches

A recently used approach which was described at an Advisory Council meeting, and which
was found to have been used on other occasions, consisted OR

(1) Preliminary design was prepared by the owner’s design agent and consisted
of an outline specification, general arrangement plan, midship section plan,
comprehensive equipment list, and a weight estimate.

(2) The preliminary design was submitted to various shipyards with request for
budgetary estimate of price and delivery.

(3) Conferences were held with interested shipyards to discuss budget price and
define a level of confidence for the ship definition.

(4) One shipyard was selected, and the owner and shipyard shared the responsi-
bility (technical and financial) for developing the contract design to suit the
shipyard facilities and practices and to obtain a completely mutual under-
standing of the contract plans and specifications.

(5) Contract, with price and delivery finalized.

In the case of the LNG tankers, El Paso (JJHenry) prepared a soliciting specification which
was in considerable detail (almost 300 pages-single spaced) supplemented by 13 guidance plans and
contained the performance and quality requirements. It was not possible for the owner to prepare a
definitive design because of the very significant differences in the LNG containment systems. Thus,
each bidding shipyard developed a ship design and prepared their contract plans and specifications.
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B. PRECONTRACT DESIGN

o. Scope of Bidding Plans and Specifications for Subsidized Ships
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B. PRECONTRACT DESIGN

o. Scope of Bidding Plans and Specitications for Subsidized Ships

MARAD STD TYPICAL
FMB-8 FMB-8 | SSPECIFICATION | SUBSIDIZED
Specification Requires | Requires | Sandard Detail
detail detail Sspecification Specification
\pec. Spec.
similar
to MarAd
Specification Pages
Sec 1 . Generdl 10 18
Sec 2-27  Hull 151 244 + 70 sketches
Sec 50 Machy General 2+ list 8+23pagelist
sec 51-86 Machy and Piping 166 253 + 14 page list
Sec 87-98 Electrical 67 127 + 7 sketches
Sec 99 Central Control 15 16+19 page list
Sec 100 Plans 13 17
Sec 101 Trials 6
Sec 102 Portable Equip. 40 88
and Tools
445 777
Contract and Guidance Plans
General Arrangements:
Deck and Holds X X X X
Inboard Refile X X X X,
Outboard Profile X X X
Lines X X X X
Midship Section & X & X X X &
MachineryArrangements:
Plans, Elev, Sec X X X .
Arrangement Shafting X On Machy Arr'gr
Power and Lighting-One Line X .

Arrangement of Accommodation@
Arrangement of Crew Quarters@

Arrangement of Service Spaces
Accommodation Deck Plans@
Fire Control Diagram

Steel Scantling Plan

scantling Plans. Sec and Elev
Cargo Handling (Dry)

Capacity Plan

LEGEXD: X - Contract Plan
. - Guidance Plan

& - Approved by Regulatory Bodies
@,.1/4-inch scale

X



B. PRECONTRACT DESIGN

o. Scope of Bidding Plans and Specifications for Subsidized Ships (Cont’ d)

FMB-8
1959

FMB-8
1970

MARAD STD
SSPECIFICATION
1972

TYPICAL
SUBSIDIZED
SHIP

LEGEND: X - Contract Plan

Contract and Guidance Plans (Cont’d)

Curves of Form
Floodable Length Curves
Bonjean Curves
Damaged Stability

Intact Trim and Stability

Vent and AC Diagram
Heat Balance Diagram
Piping System Diagrams

FO Filling

FO Transfer

Ballast

Bilge

Firemain

Main and Auxiliary Steam

Boiler Feed and Condensate

FO Service

Main and Aux Circ

SW Service

Lube Oil Service

Lube Qi1 Purifying and
Transfer

Aux Exh and Escape

Fresh Water

Feed Treatment

Cargo Qil

Tank Cleaning

Diesel Generator Piping

Piping Material Schedule
List of Motors and Controls
Electric Load Analysis
Typica Lighting Fixtures
Lighting Fixture Schedule
Electronics Antenna System

Desire Studies and Calculations
(to MarAd Only)

Lightship Weight and Center
LongStrength Study

Model Basin Test

Bonjeans

Curves of Form

Tables of Capacities

Loading Conditions

Damaged Stability

. - Guidance Plan @ -1/4-inch scae

2-10
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B. PRECONTRACT DESIGN

7. scope of Precontract Design for Negotiated Contracts

‘The scope of the precontract design plans and specifications for a negotiated contract has
been whatever the parties to the contract agreed to, basically sufficient for the shipyard to price,
and for the owner to understand the performance capabilities and quality of the ship he is pur-
chasing

a. Minimum scope
The minimum scope, which applied to a tanker, consisted of:

Specifbtion - About one half the size of the MarAd standard specification
but very definitive on equipment and outfit being famished,
coatings, materials for piping systems, and some quality type
constraints. Vendor names are used to define quality of mach
inery and outfit items

Genera Arrangement, 1/16-inch scale

Accommodations Arrangement (but not showing furniture arrangement)
(Specifications list all equipment in each room)

structural Drawings (2)
Cargo System Diagram

With this minimum scope, the total definition of the ship depends on the shipbuilder’s
standard practices as exemplified by current construction and working plans.

b. More Definitive Scopes

For a tanker of a new design for a new client, shipyard for a negotiated contract,
the precontract design consisted of:

Specifications - about the same size as MarAd standard
Genera Arrangement

Midship Section and Transverse Bulkheads
Arrangement of Machinery

Heat Balance and Flow Diagram

Diagram of Cargo Oil System

Diagram of Firemain System

Diagram of Foam Fire Extinguishing System
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B. PRECONTRACT DESIGN

7. Scope of Precontract Design for Negotiated Contracts (Cont’ d)

Diagram of Inert Gas System
Diagram of Nine Repulsion Piping Systems
Elementary Wiring Diagram - Electrical Distribution System

For a container ship, owner prepared for a negotiated contractj the precontract design consisted
Of:

Specification, about 450 pages

General Arrangernent, profile and decks, 1/16-inch scale

Quarters Arrangement, including furniture Arrangement 1/8-inch scale
Lines

Midship Section

Machinery Arrangement

Heat Balance

Piping Diagrams (for systems in way of container holds)

Electric System Load Analysis

Container System Plans (9)
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C POST CONTRACT DESIGN

Although varying in scope, methods, and details, all approaches to post contract design
are fundamentally the same. The most fruitful sources for improvements to the post contract
design process are the different criteria used by different shipyards in designing for produci-
bility. These are described in items 1-9 which follow.

1. Producibility and Standardization of Steel Structure

a. General

Facilities and producibility requirements at each yard will Generally result in a different
midship section and basic structural design, as well as differences in the type of plans These
result from difference of opinion as well as differencesin:

Annua steel thruput Capacity

Unit sizes

Plate sizes

Frame and stiffener spacing

Use of mill shapes or fabricated shapes
Use of different standard structural details
Fixity of unit production sequence
Degree of nesting used

Batch manufacturing of standard parts

Minimum prices and maximum profitability will usually result from series production
of one ship type in a shipyard specifically designed for the purpose. Some yards are designed
for such a purpose, whereas others are more flexible to handle a mix of ship types with limited
numbers of each.

b. Yard Constraints and Producibility
The yard constraintsidentified covered a wide range.

One yard has a fixed annual steel thruput, to optimize the manufacturing process, with
facilities and other factors designed to match this requirement. Thus, for example, two large
tankers or four smaller tankers may be produced per year, with significant difference in the
thruput for outfit, machinery, etc.

Maximum plate sizes are limited by facilities, from a size of 90 inches x 40 feet to 120
inches by 60 feet. For a given design, standard plate sizes are selected considering hold or tank
length frame and stiffener spacing, etc. One yard buys only mill edge plates, and one yard
buys only cold flange quality plates.
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C. POST CONTRACT DESIGN

1. Reducibility and Standardization of Steel Structure (Cont’d)

Maximum unit or assembly sizes are determined by facilities Weight limits for most
fabricated units are in the range of 80 to 200 tons except for one yard where it is 60 to 80
tons Capacity in limited areas range from 400 to 1000 tons

Frame and stiffener spacing is usually selected to suit the design but may be compromised
to suit facilities where a process line is used to produce stiffened panels or to suit availability of
mill shapes vs fabricated sections.

Some yards preter to buy muil shapes to the maxiymum extent to minimize welding by
eliminating menufactured equivalents, Channels up to the maximum depth obtainable (18
inches) are purchased and one flange stripped to produce an angle, whereas two yards manu-
facture all shapes above 9 inches depth. The Ingalls study (Appendix C, item A9 recommends
fabricated shapes as less costly. At some yards, flanging or stripping is not allowed, and neces-
sary shapes are manufactured.

Most yards determine the erection sequence schedule at the start of the contract and do
not depart from the sequence. Schedule may be expanded or contracted to suit progress, but
sequence is practically never changed. This permits cross nesting which most yards prefer not
to do, but do to some extent. Two yards cross nest one covering 10 units or a 2-week production
schedule.

c. Standardization and Producibility

Most yards use standard structural details which are available on standard plans or in
booklet form. These are updated and expanded as necessary for different contracts. Only
one yard batch manufactures standard parts which are stockpiled.

Most yards standardize plate sizes for most of the required quantity. One yard is using
124 different standard plates representing 77 percent of the steel plate weight plus about 260
different plan marked plates, both including variations in grade due to temperature requirements
The 124 different standard plates result from 36 lengths, 8 widths (44 sizes),20 thicknesses and
6 grades .The total number of standard plates is about 6300,and the total number of plan marked
plates is about 1100. Examples of plate standardization are evaluated in Section 3. Another yard
uses about 400 different plates on a current tanker contract. Another yard building ships with
considerable shape found that the scrap rate was too high when using standard plates and returned
to plan marked plates throughout. Yards would like to use more standard plates than at present
but feel the scrap rate would be too high.
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L  Producibility and Standardization of Steel Structure (Cont’d)

The scrap rate (where known) ranged from a low of 6 to 7 percent where al plates are
plan marked and where parts are NC cut from lightening holes, etc., to 12 to 14 percent and in-
creased to 14 percent with increased standardization.

Most shipyards attempt to standardize shapes, both mill and fabricated, which can be done
with minor penalty in steel weight. Examples are discussed in Section 3,

2 Warking Plans for the Steel Structure

Three types of plans were identified as follows:

Basic scantling plans, about 14 to 20 to cover the entire ship,
Working plans or conventional system plans for decks, bulkheads, Shell etc.,
Unit assembly, shop or module plans.

Some yards use all three types of drawings, but one of these yards is considering omission of
the second type. Three yards use only the first two types of plans with the units identified on the
system plans but one of these yards is considering unit plans for a new contract. Generally more
than one unit is shown on each drawing. Three yards have used one unit per drawing, but only one
isstill doing so.

One yard shows al outfit items such as foundations, access ladders, pipe, vent ducts,etc., on
the unit plans; one did soon a previous contract but is not doing so now, and one yard indicates
only ladders and steel for foundations by part number of the standard detail. However, yards
install piping and other outfit in the units before erection using the applicable system plans

All that structural design is more costly than heretofore but saves cost in the yard,
especially where a high labor turnover rate exists (agrees with Apendix C Item A5, Final
Report, pages 3-15,16, 17).

3. Plans and Plan Approvals

The number of plans developed for adesign is now substantially more than heretofore.
Comparing plan schedules for tankers, the number of plans listed ranged from 347 for the
smallest tanker to about 1100 for the largest. However, the latter also included many unit
plans which increased the number significantly. Considering the intermediate size the num-
ber of plans is approximately 325 plus 1.2 (dwt/1000) (4 of 6 yards, other two 350 higher).
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C. POST CONTRACT DESIGN

3. Plans and Plan Approvals (Cont’ d)

The substantial increase in number of plans has been counteracted by steps taken by some
yards to reduce the number submitted for approval. This includes

Submittal and approval procedure proposed by ABS and USCG to minimize
duplication is being used.

Basic structura plans are developed in such format and detail that these

suffice for approval purposes. Unit plans we not submitted except when

specificaly requested, such as for the LNG ships.

The pi pi ng diagramsare prepared i n such format and detail that approval
of the diagrams is sufficient, and piping arrangement plans are not sub-"
mitted except when specifically requested after submittal of the diagram.

Submittal of the plan schedule to regulatory agencies for them to indicate plans to be
submitted is counterproductive. Shipyards should prepare the list of plans for submittal
based on the ABS and USCG rules requirements and list of key plans required by MarAd.

However, problems still exist. Shipyards have suffered financialy from reversals of
regulatory agency approvals and new interpretations of the regulations At least one yard
has protected itself by including changes in interpretations of rules with changes in the rules
as a change under the contract. Also, yards pointed to owners who appear unwilling to
accept ABS requirements as being adequate, reguiring considerable engineering effort to
justify the rules.

4. Lofting and Numerical Control

Lofting and hull planning is within the production department, where fabrication and
erection work packages and NC tapes are prepared, at al shipyards, except that nesting and
NC tape development is a design function at one shipyard. This NC group monitors tape per-
formance at initial use and makes connections, if necessary, immediately. QC monitors dimen-
sionsal control of units and fit up and notifies the NC group immediately of any necesary cor-
rections.

NC i s used for burning all shipyards except one, which uses an optical method

2-16



C. POST CONTRACT DESIGN
5. Holes Control

Holes list is submitted by the various departments to the hull structural section (generally)
for approval and compensation noted if required At one yard al holes are shown on the
structural plans of tankers but only holes requiring compensation are shown on structural
plans of other ship types One yard tracks only holes I-1/2-inch diameter and greater. Gener-
aly holes are field cut, but at least two shipyards incorporate holes on the NC tape as soon as
practicable, generally after the first few hulls.

6. Machinery and Piping Modules or Packages

Purchased or shop assembled machinery and piping modules have been used by a number
of yards, up to 15 modules per ship, to simplify design, expedite installation, and reduce costs.
It was noted that equipment must be ordered sooner so that the large modules can be assembled
in the shop and installed in the engine room at an earlier stage than if the components are in-
stalled individually. This reduces time in the critical path which usually includes the engine room.

The modules or packages may be small such as a reducing station piping assembly, or quite
large, such as a fuel oil service system which includes pumps, heaters, strainers, motors and con-
trollers control, regulating and relief valves, instruments and gage boards, all interconnecting

piping and valves, and all mounted on a common foundation, or a pump room assembled on a
tank top unit.

Use of packages simplifies piping design thru use of the local composite.

Also, see Appendix C, item A6 and Vol Il of Item A5.
7. Piping

Piping design uses four types of plans-diagrams, arrangements, composites, and details.

Piping diagrams may be of the conventional type or a more complete type as used by two
shipyards to permit obtaining regulatory approval of the diagram as the only piping system plan
that will be submitted. For the latter, the diagram are more carefully drawn for arrangement
significance and include on the diagram or on additional sheets the symbol list, genera notes
material schedule, valve list, instrument list, pump data table, flow data table, and system design

characteristics. These yards also make a practice of purchasing only USCG certified valves, etc.,
which minimizes approval problems.
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C. POST CONTRACT DESIGN

7. Piping_(Cont’'d)

Arrangement plans are prepared either before or after the composites, or not at all, and
may be single or double line. All yards use composites for interference control, and usually
the engine room and other congested space piping systems are developed on the composites.
Piping systems outside these spaces are usually developed on the arrangement plans and checked
locally for interferences on composites

Composites may be only atool for interference control or may be a base for the arrange-
ment plan, or may be the only arrangement plan. One shipyard develops the arrangement plan
and uses the composite only as a tool to check interferences. One yard develops the systems on
the composite, makes a number of reproducibles from the composite and then heavies up one
system on each reproducible to become the system arrangement plan after addition of the title
block, notes materia identification etc. This method of producing arrangement plans is also
used in European shipyards. One yard prepares a composite arrangement plan of al systemsin
various three dimensiona zones of the engine room. These composites are the arrangernent plans
and are used along with the diagram, which is the only system definition, for installation purposes.
Other yards prepare the arrangement plans by lifting the piping arrangement from the composites.

The pipe details are generally prepared in the pipe shop, except for stressed systems. At one
shipyard, the pipe details are prepared by design and are now being developed and drawn by com-
puter.

A number of shipyards have tried piping interference control by a commercial computer
service firm that had developed programs for this purpose. The results were unsatisfactory, too
late, and costly, Yards have tried models for interference control, with similar results.

European shipyards, Kvaemer Moss as an example, develop their engine room piping arrange-
ments by use of alarge scale model of the engine room. Piping designers and model makers work
together, developing the piping runs in the model using the piping diagram When the model
piping is complete, freehand isometric pipe details are prepared based on dimensions taken from
the model, and the material data added. The piping design then consists of the diagram, the pipe
details and the model, and the installation is made from these. Moss considers this method to be
satisfactory and cost effective. Only one US yard appeared interested. MarAd pointed out that
their rules require a complete set of drawings upon ship completion so that duplicate ships could
be built during an emergency by other shipyards which would be difficult if not impossible without

piping arrangement or composite plans. Also, see Appendix C items A2, A9, Al 3, D5, D6 and ad-
ditional discussion of models in Section 3.
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C POST CONTRACT DESIGN

8. Material Control

This is generally computerized, athough a few yards still use manual means. These will be
computerized, as the material control technicians area vanishing race.

9. Equipment Specifications

Generaly these are not standardized, the most recent similar specifications serving as a
base. One yard with a MateriaJsDivision in the Engineering organization has standardized pur-
chase specifications and terms and conditions. Also, see Appendix C, item A6.
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D. ENGINEERING AND DESIGN ORGANIZATION

‘The Engineering and Design organization in the shipyards reviewed have many differences
Appendix D shows 4 examples.

It will be noted that there are two fundamental variations, (1) when Engineering and Design
responsibilities are separate and report to the Director of Engineering, and (2) where the Naval
Architecture, Marine Engineering and Electrical Engineering managers report to the Director of
Engineering and Design. In the latter, for example, the Chief Marine Engineer has responsibility
for engineering and drafting of the machinery plant. There are other variations as shown on the
charts.

Undoubtedly these variations affect the design process, and al may have merit. The type of
organization is most often responsive to the work load production requirements and to the
personalities and experience of the individuals in the top levels.

Study of the examples may suggest an improvement where a problem may exist.
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E USE OF COMPUTERS

1. Generd

Today, the application of data Proccessing to the ship design process is common throughout
the world Design agents, shipbuilders, educational institutions, regulatory bodies and govern-
mental agencies al utilize computers in varying degrees throughout ship design from concept
development to the preparation of instructions to automated devices. This spectrum of com-
puter related activity in shipbuilding as it has in industry in general has come to be known as
Computer Aided Design and Manufacturing (CADAM). Effective improvements to the total
Ship design process in be realized through increased CADAM.

2. OQuedtionnaire

To recommend specific improvements, it is first necessary to research the current use of
computers as well as identify existing and potential applications which are consistent with today’s
technology. To this end contemporary literature, both foreign and domestic, was reviewed and
compared, and publications relating to CADAM identified and listed in a separate category in
Appendix C. In addition, each of the design activities visited were asked the extent of their
current CADAM activity and were requested to complete a prepared questionnaire:” Two forms
were submitted, one concerning precontract design and the other applicable to post contract
design. Seven replies were received concerning precontract and eight related to post contract
design applications. A summary of the responses is contained in Table E-1 of this Section. The
completed questionnaires provide information on data processing hardware and Programming
resources as well as programs used and their source for each major design task including lofting
and NC data preparation.

The individual tasks identified in the questionnaire are not meant to be all-inclusive of those
required for a ship design effort but represent principal activities in order to provide a valid samp-
ling of CADAM activity. The applications added by the respondents give additional indications of
the extent to which the computer is being used as atool in performing diverse design tasks.

The analysis of the responses provides a good overview of the application of computers to
commercia ship design in the United States today. In addition it identifies tasks not presently
performed with computer assistance and thus provides candidates for program and system devel-
opment.

All activities responding have their own in-house, large scale computers, with all but one using
IBM equipment. Each has a staff of technical programmers ranging in size from 2 to 16 people.
Three activities reported that they also use external smite bureaus for specific applications which
require sophisticated analysis methods and programs. Access to commercia systems for finite
element analysis of structure is a prime example.
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E USE OF COMPUTERS

2. Questionnaire (Cont'd)

As indicated in the table, the bulk of the program development, between 65 percent and
70 percent, is performed by in-house programmers, while approximately 17 percent to 22
percent of the programs are squired from Government sources. The majority of these program
is provided by the Navy with the balance by MarAd. The programs are available at no cost to

yards performing Government contracted work.The balance of the programs in Purchased from
commercial sources.

Questionnaire results indicate that both the pre and post contract design phases rank high
in efficient use of computers. Naval Architecture tasks receive the greatest coverage while com-
puterized drafting receives the least. The spread in number of applications reported is not great,
indicating that computer utilization is probably about the same level throughout the industry.

3. Prcontract

Much of the precontract design studies calculations, etc. are accomplished through use of
computers. The replies to the questionnaire indicate high usage and small opportunity for any
major improvement. '

4. Post Contract

For post contract design, the basic computational tasks appear to be well covered by most
activities. Other tasks appear to be adequately covered by some yards but not others. Some broad
areas are Generally deficient in programs such as heating ventilation and air conditioning. There is
relatively little application of computers to plan production or drafting as well as drafting room tasks
such as interference checks or holes control.

The responses show that few activities utilize weight program for precontract design, illus-
trating the emphasis on empirical data during this stage of the design cycle. All those responding
use one or more program during post contract design to assist in weight control and the preparation
of adetailed wei ght estimate. Experience has show that final weight and center of gravity estima-
tion is still primarily a manual lift of lengths, areas, and lever arms from plans and unit weights from
tabulated data with computer use limited to calculations and summation of weights and moments.
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E. USE OF COMPUTERS

4. Post Contract (Cont’d)

Some applications listed are performed as part of numerical control systems such as
AUTOKON and SPADES. Lines fairing with the aid of a computer has been developed to a
high degree of accuracy as part of these systems. The data thus developed forms the basis
for many design and related manufacturing tasks such as the Lines Plan, Shell Expansion
Plan engineering and working drawings and sketches, the 1:10 Body Plan for lofting shell
plate development, NC tapes for flame cutting ships parts, production control data and de-
velopment of various jigs and fixtures. Six of the seven shipyards responding currently have
systems of this type.

Information from the visits,questionnaires and other surveys such as those conducted
by AVONDALE and CADCOM, Inc. (Appendix C, iterms C9, C10, CI1), define the current
status of CADAM in US shipbuilding and constitute the basis for suggested improvement.
Aress identified from the questionnaire of current practices as possessing cost savings poten-
tial through expanded application of computers include:

Holes Control and early incorporation in NC burning

Heating Ventilation, and Air Conditioning design calculations
Computer Aided Drafting

Computerized Pipe Details

These applications were reviewed, and the extent of computerization desirable, general
approach, economic analysis and implementation suggestions are discussed in Section 3.
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TABLE El

USE OF COMPUTERSIN THE SHIP DESIGN PROCESS

SURVEY RESULTSON THE

Based on returns of questionnaires submitted to Ship Design activities. One respondent
does no Precontract Design and some respondents have several programs applicable to
the same task. Those tasks marked with an asterisk (*) were added to the list by respondents.

Pr econtr act

Task

1. Prelim. Ship Definition

2. Economic Analysis

3. Hull Form Generation

4. Preliminary Hydrostatics

*Irregular Shapes- Marad

Loading, Trim, Stability

*Floodable Length - Marad

6. Damaged Stability

7. Resistance & Powering
*SHP Calculations - Beth St

8. Longitudinal Strength

*Section Mod of Long'ls - Beth St
*Tanker Stresses, - Beth stl

o

Transverse Strength
9 . *Optimum Webson OT Bhds- Belh St
10. Weight Analysis
*Wt. Curvedrawing - Avondale
*ship Wt. Report - Avondale
11, Capacitiesand Tonnage
12.  Seakeeping
13. Prelim. Heat Balance
14. Load Line Cales. (Freeboard)
16. Prelim Vibratlon Analysis

NoO. Using Program Source Use Outside
Computer In House Navy  Marad Other Service Remarks
2 2 1
5 5 1
5 4 1 1 1
7 6 2 1
1 NA -
6 5 2 ‘ 1 -
1 1 NA -
7 4 2 1 -
5 4 1 1 -
1 - Converts EHP to
7 6 2 1 - |
1 - -
1 - - - Stresses for Var :
(1) Tanker Designs
3 1 1 1 1 (1) ABS“DAISY’
1
2 2
1 -
1
5 3 1 1
4 1 1 3
6 4 1 1
3 2 2
4 4



16.

17.

Task

Prelim. Propeller Calca
*prop. Cavitation - Avondale
*Lifting Line Calcs - Avodale
*Blade Section Design - Avondale
Other

* Launching Calcs - Marad

* ‘lank Pump Out - Beth Stl

* Structural Analysis - Beth Stl
* LNG Sturcture - Beth Sti

* IMCO Accelerations - Beth St1
* Electrical Lends - Ingalls

* Shafting Analysts- GD

* Shaft Torque - Beth Sti

* HVAC Calcs - GD ,

Totals

% of Total

No. Using Program source Use Outs [de
Computer In House  Navy Marad Other Service Remarks
4 9 1
- 1
1
1
1
1 - -
- 1
1 -
1 - CalcB. Ship Motlon Fat
1
1 -
1 -
1 -
71 14 10 13 2

64%

13%

9%

12%
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13.
14.
15.

16.

17.

18.

19.

20.

21.
22.

23.

POSTCONTRACT

Task

Finnal Hydrostatics

Intact Stability

Damaged Stability

Tank Capacities

Sounding Table Calcs

Launching Calcs

Inclining Calcs

Weight Control

Structural Section Properties
Frame Analysis

St iffened Plate Analysis

* Structural Analysis Plots - Avondale
Hull Girdor Vibration Analysis
Cargo Boom Analysis

Mast & Rigging Design Calcs
Rudder Design

Heat Balance

Propeller Design Calcs

*Straight cut Prop. Sect ions- Avondale
*Blade pattern Sections - Avondale
* Propeller Blade Gauges - Avondale
*Cavitation - Avondale

Pipe stress

*Pipe Vibration - Avondale

Pipe sizing

* Ovbd dischargelines - Avondale
* pipe Frictlon Tables - Avondale
Vent duct Sizing

Pressure Drop Calcs

Heating & cooilng Londs

Atrborne Noise Calcs

No. Using Program Source Use outside
Computer InHouse  Navy ~ Marad  other Service Remarks
8 4 3 1
8 3 3 2
8 3 3 2
8 6 1 2
8 8 1
5 5
2 2
8 7 1
7 7
7 3 1 3
6 4 1 1
1
3 2
2 2 1
3 3
2 2
6 4 1 1
3 2 1
1
1
1
1
7 2 4 1
1
6 2 3
| Half_breadth and Ang’
1
4 3 1
4 4
4 2 1 1
1 1
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27,

28.
29,

30,
31.

32,

33,
HI S
3h.
36.
31.
38,

—Tuagk

Shafting Cales

* shaft Vibratlon - Nat, Stl,

* Topsional Vibration - Avondale
Bearing Sleing

Voltnge Drop Cales

* ault Current - Avondale

* rrault Currvent - GD

* Faull Current - Newport News
+ Fault Current = Natl. Stl

* 1luminntion Survey -~ Avondale
Itleetrieal Load Cales

* Tiphting System TLotds ~ Avondale
Cabling & Wirlng

Computer Aided Drafling
Systom Diagrams

Structural DPlans

Arrpt. Plans

Mecchmnical Plans

Piping Plans

Ventilation Plans

Bloctrical Plens

* Lines Plan - Avondale

* Lines Plan - GD

* Shell Expansion Plan - GD
Interference Check

Iloles List

Material Control

* Spare Parts & Repalr Cont - Ingalls

Materinl Ordering

Plan Scheduling & Progress
Lofting

Plping Fabricatlon
Numerical Control

PTegting & ‘I'rinls

* Torque —- Beth St1,

___Remurks

No. Using Program Source Use Outslde
Computer  In louse Nafvy Marad  Other Service
] 4 1 - 1 -
-~ - 1 - - -
- 1 . - - - -
4 N 1 - - -
3 2 1 - - -
- 1 - - - -
- 1 - - - -
- - 1 - - -
- - 1 - - -
- 1 - - - -
6 (] - - - -
- 1 - - - -
4 1 2 - - 1
1 1 - - - -
4 1 - - 3 -
2 1 - - 1 -
1 - - - 1 -
3 2 - - 1 -
0 -. - - - -
1 1 - - - -
- - - - 1 -
- 1 - - - -
- - - - 1 -
0 - - - - -
1 1 - - - -
3 3 - - - -
- 1 - - - -
: 3 - - - -
4 4 - - - -
6 1 - - 5 -
2 2 - Ld - -
6 1 - - 5 -
1 1 - - - -
- 1 - - - -

Cale, Propulsive
Properties from 7rial;



No, Usling Program Source ___ Use Outside
Task Computer In Hlouse  Navy Marad Other Service Nemanrks

39, Other

* Valves - Deth Stl, - 1 ~ - - - Lvaluates IMire Maln
* Foam System - Both Stl - 1 - - - -
* Harmonios - Beth stl . - 1 - - - - Calculates Cyceling
Distribution (Wake)
* Devrick Barge Dogign - Beth Stl, - 1 - - - - Draft, ‘Irim, licel
* ‘arbine Nozzle Stm. Flow - Beth Stl, - 1 - - - -
Totnls 138 30 3 29 7

% of 'Total 67% 15% 29 14% 3%



F. DESIGN COSTS

The proposal for this project suggested cost evaluation of the differencesin the design
processes. Insufficient datais available for meaningful analysis.

The shipyard engineering and design departments recognize that manhours used for ship
design currently are much higher than heretofore. This results from the determined efforts to
design for producibility and to provide clear and accurate detail fabrication plans to the produc-
tion departments. Evaluations have been made by the shipyards of the higher design costs, and
they have been justified by reduced production costs. It was commented that high production
labor turnover forces the higher plan requirements, and that an extensive parts numbering system
for inventory and production control increases design hours significantly but reduces cost el se-
where.

Currently precontract design for a negotiated contract for tankers similar to a previous
design but modified for the new owner’s requirements required about 3000 to 5000 hours.
For a new and more complete tanker design, the effort expended was about 13,000 hours.

For new technology designs, the precontract effort expended was 25,000 hours and upwards.
Pre 1972 precontract design for competitive bidding (excluding model tests) cost about 2 to
2-1/2 percent of the cost of one ship. Insufficient data is available for the post 1972 period to
provide a similar yardstick.

Post contract engineering and design costs during the pre 1972 period for cargo ships and
container ships ranged from 7 to 14 percent of the cost of one ship. Again, post 1972 data is .
scarce, but it appears that the percentage is in the same range. Some examples of manhours being
used for engineering and design are given on pages 3-21,3-27,3-29.
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SECTION 3
DISCUSSION AND EVALUATION OF SELECTED IMPROVEMENTS

A. INTRODUCTION

L  Precontract Design

The foregoing SECTION 2 defined the precontract design processes used by
shipowners and shipyards, the scopes thereof, and identified problem areas and
suggested improvements. The principal problem areas were (1) the conflict between
the specific detailed precontract design developed by the shipowner and/or his design
agent, and the shipyard production optimized design, especially when competitive
bidding was necessary in order to obtain arealistic construction differential subsidy,
and (2) what design approach should be used to obtain the price benefits of
producibility.

Partial solution of the first problem has resulted from enactment of public
law (PL 94372) Negotiated Shipbuilding Contracts Act of 1976 which.will
minimize the occasions when competitive bidding is necessary. For negotiated
contracts, the shipyard’s producibility features can be introduced into the contract
plans and specifications during the negotiation phase and prior to final price deter-
mination and contract signing. Then the acceptability of the producibility features
should result from precontract technical negotiations between the shipyard and the
shipowner and/or his design agent.

Also, from the survey, it was clear that one shipyard's optimum design for
producibility would not be optimum for others, and that bidding on a design
suitable for only one shipyard would not result in competitive bidding. It was also
noted that some suggested precontract design improvements were indicative of
conflicting desires for increased flexibility so as to introduce design for producibility
and for increased design definition and detail to reduce cost estimating uncertainties.

It isdoubtful if al these conflicts can be resolved, and it is not possible to examine
them in depth within the scope and budget for this study. The basic problem was
discussed in depth in the SNAME 1975 paper “Toward Responsible Shipbuilding” by
Boylston and Leback (Appendix C, item B9). Astherein therein, the Plans and specifications
should be complete,definitive, and not ambiguous, and the contract should be clear,
concise, and clearly define the responsibilities of the parties.
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A. INTRODUCTION

1. precontract DEsi an (Cont' d)

These conflicts are most significant for advanced ship designs, and for these, the
definition of responsibilities may indicate little incentive to introduce cost saving
producibility in the design considering the risks. For more conventional designs, it
should be possible to furnish the increased definition and detail to expedite pricing
and minimize uncertainties in the areas suggested and to define in the bid or contract
documents the areas of the design which maybe modified for shipyard producibility.
This resolves itself into defining the plans and technical information furnished forbidding
asfirm contractual requirements, guidance plans, orbidding information, and the assign-
ment of responsibility for each.

While the major item of producibility is the structural design, this and other areas
identified as having a significant impact on producibility and price include:

Structural design

Coating system

Machinery plant

Centra control system

Type of accommodations and joiner construction
cargo systems

Specifications for components

Standard details and practices

Quality and workmanship standards

Modified precontract design procedures and scopes are presented below in sub-
section B, and other speciifc improvements arc discussed in subsections E, G, and H.

2.  Post Contract Design

In the post contract design phase, it was the general concensus that no improved
design process, per se, would result from this study, but that a significant number of
improvements were possible. Most of the improvements identified are not new. It was
found that at |east one shipyard is practicing or developing each of the improvements,
but on the other hand, there is no shipyard employing or developing all of the improve-
ments. The list of possible improvements was reviewed, and a number selected for economic
evauation, and others for discussion and qualitative evaluation. It will be noted that the
primary study areas are structural and piping design which consume about one half of the
engineering and design budget and about 65 percent of shipyard labor. These are covered
in subsections C and D, and other specific improvements are discussed in subsections E, F,
Gand H.
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B. PRECONTRACT DESIGN

1. Design Procedure for a Negotiated Contract

Asthefirst step, it is assumed that the owner solicits shipyards for proposals for budget
price and delivery for the shipbuilding project. He should furnish the yards with project
requirements and information as follows:

(1)

Performance requirements

Number of ships, route, fueling ports

Cargo types, deadweight, and capacities
Service and trial speeds with design deadweight
Endurance range

Route and port restrictions

Outline specification, or owner’s standard specification, including Class, Flag,
and Regulatory Agencies

Type of power plant, preferred or required
Cargo handling and stowage requirements

Crew requirements, including all requirements embodied in crew union-

management agreements, and preferably including sketches of the accommodation
and service areas

Central control systems, preferences or requirements

Coating systems, preferences or requirements

If MarAd participation will be involved, a copy of the Preliminary Design Study,
schedule I, as required by FMB-8.

After consideration by the shipyards, the owner would contact and hold conferences
with the interested shipyards to discuss budget price and to define a level of confidence for
the ship definition, price, and the ability of the yards to produce.

Then a shipyard would be selected, and the owner and shipyard would combine
technical skills and financial involvement to develop the contract design. The objective
is to produce a design which suits the owner’s needs and the shipyard facilities and practices
and to promote a completely mutual understanding of the contract plans and specifications.
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B. PRECONTRACT DESIGN

L Design Procedure for a Negotiated Contract (Cont’ d)

If Marad participation isinvolved, thefirst step in the development of the contract
documents should be the preparation of the Preliminary Design, Schedule I-A and 11, as
required by FMB-8.

The scope of the precontract design which would result from this procedure would
vary depending on circumstances, as suggested in the following articles. ,

2. scopes of Precontract Design

a.  Minimum Scope (for non-subsidized projects)

The minimum scope, which could apply to atanker which is basically similar to previous
or current construction, would consist of the follwing

SPECIFICATION - This need not be as detailed as the MarAd standard specification
in areas where similar previously constructed ships can be cited as examples
but would be very definitive on machinery, equipment and outfit being furnished,
central control systems, coatings, materials for piping systems, and some quality
type consultants. Vendor names would be used to define quality of machinery
and oufit items, and the term “or equal” would be carefully defined.

GENERAL ARRANGEMENTS, HULL AND ACCOMMODATIONS - Incorporating
the owner's requirements and desires as agreed to, and compatible with the
structural design. Scale 1/16 inch to 1 foot. Room arrangements not shown

STRUCTURAL DRAWINGS - Two or three drawings to show the basic structure
and the producibility features and practices, preferably approved by ABS or
other classification society.

CARGO SYSTEM DIAGRAM - Complete and detailed to show owner’s requirements
and reflect shipyard's practices. Approved by ABS and USCG, if possible.

This minimum scope defines the basic contract parameters. The total definition of the
ship, quality standards, etc., depends on the shipbuilder’s standard practices which are
exemplified by and readily referred to current construction in the yard, existing working
plans for similar ships, and shipyard standard plans, al of which maybe examined by the
owner during negotiations.
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B. PRECONTRACT DESIGN

2. Scopes of Precontract Design (Cont'd)
b. More Definitive Scope (for non-subsidized projects)

For anew design and a new client, the precontract design scope should be more extensive
and more definitive. Typically, it may consist of the following:

SPECIFICATION — About the same as the MarAd standard, but more definitive in
the areas suggested above, and including quaiity, workmanship, and fit
standards, etc. Areas where shipyard optimum producibility standards can
be applied should be defined and allow the yard to improve producibility during
precontract design. Areas of risk which cannot be resolved prior to contract
should be defined, and a method for resolution agreed to. Shipyard standards
to be used should be invoked by reference in the specification.

GENERAL ARRANGEMENTS, HULL AND ACCOMMODATIONS - Arrangements
of al Decks and Inboard Profile (Hull /16" scale, Accommodation 1/4” scale)
showing owner’s required standards, incorporating yard standard practices, and
reflecting crew union/management agreements.

STRUCTURAL DRAWINGS - Midship section (ABS approved), transverse bulkhead,
acantling plans including sections and elevations. These should inmrporate yard
standard practices provisions for optimum producibility, and acceptable aternatives.

ARRANGEMENT OF MACHINERY - Including arrangement of key areas such as
pump rooms, auxiliary machinery spaces steering gear room, ec.,

HEAT BALANCE AND FLOW DIAGRAM - For design and, and other pertinent
operating conditions.

DIAGRAM OF CARGO OIL SYSTEM -Or for different Plans of ships, the container
system plans, loading and stowage plansi, etc.

FIRE CONTROL DIAGRAMS - Firemain system, foam fire extinguishing system,
inert gas system, hazardous area diagram, etc. Diagrams should be prepared
aong USCG “Guidelines for Minimization of Piping Arrangement Plans’,
CCGD3 (mmt) 11 March 1975 and approved, if possible. (See subsection D3.)

DIAGRAMS OF KEY PROPULSION SYSTEMS - About ten key systems such as
main and auxiliary steam, boiler feed and condensate, etc. These should be
prepared along USCG guidelines for immediate approval interpretation of
rules, and minimization of further arrangement plans.
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B. PRECONTRACT DESIGN

*

Scopes of Recontract DesIGN (Cont’ dI

DI AGRAM - ELECTRI CAL DSTRI BUTI ON SYSTEM

LI NES

TECHNICAL DATA, ETC. (Developed to support the design.)
(*Usually furnished as a contract document|

o Curves of form and bonjeans

table of capacities

e Loading conditions

Stability analysis

Estimate of lightship weight and center

Longitudinal strength study to extent required by ABS. and when pertinent.
analysis of “hear forces and deflection

*Electric load anaysis

c.  Scopefor Subsidized Ships

If the ship construction is to be subsidized by MarAd, the scope of the precontract
design must be in accordance with the requirement of MarAd Form FMB-8. Generaly
accepted practice indicates that more extensive and more definitive specifications and plans
should be developed for ‘ contract purposes, as well as for estimating domestic and foreign
cost for subsidy purposes, and for contract administration when the Government is involved.
This scopeislisted in Article B-6 of Section 2 of this report and should not be less than
described in b. above. Also. Article B-5 of Section 2 lists improvements suggested by the
shipyards. and subsections G and H of this section discuss some of these in more detail.
Although the suggested improvements relate to bidding documents for modernized ships.
they are also pertinent to non-subsidized vessels.

It is suggested that the plan and data requirements given in MarAd FMB-8 be reviewed
and modified to be more consistent with current practices. For example. the Floodable
Length Cures should be deleted since more comprehensive damaged stability” calculations
are necessary to comply with other requirements.

3. Owner Prepared Design for Subsidy and Producibilitv

in order to comply with the requirements of FMB-8. it is necessary for the owner to
develop the design of aship that” fulfills the needs of the service and to project its economic
feasibility in the service. This may be done in several steps. first making an initial application
for Government aid on the basis of a preliminary study and a preliminary design which
minimizes financial risk by obtaining an approval in principle for the project. and then pro-
ceeding with the development of the contract plans and specifications in the detail necessary
for bidding and contract.
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B, PRECONTRACT DESIGN

3. Owner Prepared Design for Subsidv and Producibility (Cont’d)

The comments made factors during the shipyard interview clearly
show that one yard' optimum design or producibility not optimum” for anyone
else.and that bidding on a design tailored to one yard does not result in competitive
bidding.

For example, the Ingalls ship producibility study (Appendix C. item A5) showed
their concept of the optimum midship section for a 150,000 dwt tanker. All shipyards
interviewed indicated that it would not be optimum for them. Also, in Appendix C
item B1, which discusses Japanese design practices, the same producibility problem
arose when one corporation’s preliminary design office prepared the basic design for
ships which would be constructed simultaneously in two of their own yards.

To fulfill the FMB-8 requirements, a detailed estimate of lightship weight, a
longitudinal strength study, and an approved Midship Section plan, as well as steel
scantling plans must be prepared and submitted. Thus a structural design in consider-
able detail isnecessary. In the past, this has generally been developed on the basis
of the minimum weight to comply with the classification society rules unless other
considerations such as concentrated loads and special cargo handling or stowage
requirements dictated otherwise. In recent years, afew examples of simplification.
producibility, and standardization features have been incorporated in the basic design.
but obviously these cannot satisfy all bidders. Also, the bidding and contract documents
did not permit changing the structural design in the post contract period without a
change order and did not permit bidding on a different structural design since the bid
would be considered non-responsive. Thus the owner did not obtain the bid price
advantage of producibility, and the shipyard had little or no incentive to offer it.

A solution to this structural design problem, as well as other producibility items.
could result from the following:

(1) The structural design developed by the owner for justification of the design
and its economics should have classification society approval and be accepted by
all concerned as being feasible but not mandatory. In order that a shipyard may
bid on and use a design, which is more economical to manufacture, the owner’s
structural design should recognize this objective and include some degree of stand-
ardization and producibility which generally means that the design will not be of
minimum weight. This might be accomplished by using a slightly larger than
normal margin on steel weight* and by making the designer’s detail weight

*Xee subsection . article 10

31



B.

PRECONTRACT DESIGN

3.

Owner Prepared Design for Subsidy and Producibility (Cont'd)

estimate (which is required by FMB-8) available to the bidding shipyards.
Thus the bidder's producible design should result in a steel weight comparable
to that used by the owner in determination of the principal characteristics
and dimensions of the ship and avoid any change in these. Alternatively.

the owner’'s design could be based on scantling and freeboard drafts slightly

in excess of the design draft resulting from his light ship weight estimate and
specified deadweight, so that margin exists for a slightly heavier but more
producible and less costly design.

The bidder’s structural design should be submitted with the proposal
for owner and (MarAd) evaluation and should be approved by the classifi-
cation society. If approval is not feasible within the bidding period. it
would be the bidder’'s responsihility to obtain such approval without change
in the bid price.

(2) The owner’s sptecification should permit optional coating systemsto suit
shipyard facilities and practices. It might also permit option for extra heavy

or double extra heavy pipe in some applicationsin lieu of coated pipe. It
might also permit cathodic protection in lieu of coatings in some applications.
These options should be bid as separate items for evaluation and negotiation
of acceptability.

(3) The owner's specification should permit alternative types of joiner
construction for shipyard selection or optional proposal.

(4) The owner's specification should permit optional machinery plants
to permit shipyards to bid on plants which have already been developed
and used. This might have to be an option price item for evaluation
considering bid price and fuel, crew, and maintenance costs, &tc.

(5) The owner’s specification should permit optional central control
systems to permit a shipyard to bid on a system which it has already
developed and used. This might have to be an option price item if
manning differences are involved.

(6) The contract should provide for essential and unessential changes.
where the former are limited to regulatory body changes and the latter
do not have to be made by the shipyard (such as changes which delay
construction and adversely affect all other work).
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K. PRECONTRACT DESIGN

3. Owner Prepared Design for Subsidy and Producibility (Cont'd)

(7Y The contract should permit the shipyard to improve systems to reduce

vust without requiring a price reduction.
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POSTCONTRACT STRUCTURAL DESIGN

1. Design Reiteration

It is usually found necessary to prepare and release purchase orders for steel prior
to completion of the structural design due to the lead time required for delivery of steel.
Thus the purchase orders are necessarily based on incomplete or preliminary information.
It has been found that the preliminary plate sizes and materia orders should be thoroughly
re-examined and evaluated as soon as the design is essentially complete and requirements
established before ordering steel for follow-on ships.

Improvements resulting from such reiteration would be reductions in the number
of different types of standard plates, plate sizes, plan marked plates, mill shapes, fabri-
cated shapes, etc. and in the amount of steel ordered through improved nesting. batch
manufacture of parts and utilization of cuttings. Examples of each of these have been
examined to determine the possible savings in material and labor, athough in some cases
only a qualitative result can be indicated.

2. Standard Stock or Coded Plates

These are plates whose size is selected to suit yard facilities, the manufacturing plan.
the requirements of the specific design. and are normally used in large quantities. In one
case there were 124 different standard plates representing about 77 percent of the purchased
steel plate weight. The 124 standard plates result from 36 lengths and 8 widths (44 different
sizes), 20 thicknesses and 6 grades, and total about 6300 plates.

At design completion, it was found that there were 26 codes having 10 or |ess plates
per code totaling 105 plates and 410 tons. These were examined for standardization pos-
sibilities with the following results:

Two codes could be combined into one, totaling 10 plates.

Thirteen codes could be combined with other codes by upgrading materia or dlightly
increasing size (47 plates).

Two codes could be combined with plan marked plates ( 10 plates).
Nine codes were unique. without cost effective possibilities of standardization (38 plates).

Other standardization possibilities were found in codes having more than ten plates code.
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B POST CONTRACT STRUCTURAL DESIGN

2 Standard Stock or Coded Plates (Cont'd)

The cost of various degrees of standardization was estimated with the following

results:
Increases
26 codes (1 to 9 plates/code) Weight Dollars
Reduce by 12 codes 5.15 3340
Reduce by 4 more codes 14.35 4235
18 codes ( 10 to 19 plates/code)
Reduce by 2 codes’ 1.10 311
Reduce by 6 more codes 6.21 2147
Others (20 or more phates/code)
Reduce by 1 code 0.7 198
Reduce by 5 more codes 18.6 5408

The first line of each of the above groups reduces the number of codes by 15 (115 plates)
at an increase in purchased steel of 6.95 short tons and $3849, or $257 per code eliminated.
The additional reduction of 6 codes (89 plates) increases total weight purchased to 13.16 tons
and cost to $5996, or $285 per code eliminated. The reduction of the remaining 9 codes rapidly
increased the cost to about $1070 per code eliminated.

A reduction in codes provides more stack positions in the plate yard for plan marked plates
and will reduce shuffling when extracting a desired plate. Based on a plate yard of about 150
stacks with coded plates stacked one code per stack. a reduction of 21 codes, or stacks, was
estimated to save about $350 per stack in reduced shuffling costs. The $5996 increase in the
purchase cost of steel associated with the 21 code reductions is more 